Purpose: Transient hypoxia is an initial event that accentuates ischemia/reperfusion (I/R) injury in the liver.
INTRODUCTION
Hepatic ischemia/reperfusion (I/R) injury is a pathophysiologic process whereby hypoxic organ damage is accen- Recently, it has been postulated that membrane microdomains can be important in LPS signaling. Upon stimulation with LPS, the recruitment membrane-associated TLRs, such as TLR4 and TLR2, and other components of TLR complex occurs into the lipid rafts. (9) In this study, we determined whether active TLR4 signaling is mediated by the receptor recruitment into lipid rafts following transient hypoxia in hepatic I/R injury and if these processes are required for the release of HMGB1, an early mediator of injury and inflammation in hepatic warm I/R injury. Louis, MO, USA) was dissolved in sterile H2O at a concentration of 100 mM.
2) Animals
Male wild-type (C57BL/6) mice (8∼12 week old) were purchased from The Jackson Laboratory. All animals were maintained in a laminar-flow, specific pathogen-free atmosphere at the University of Pittsburgh, PA, USA. Animal protocols were approved by the Animal Care and Use
Committee of the University of Pittsburgh, PA, USA and the experiments were performed according to the National Institutes of Health guidelines for the use of laboratory animals.
3) Hepatocyte isolation
Hepatocytes were isolated from normal mice by an in situ collagenase (Type IV, Sigma-Aldrich) perfusion technique and modified as described previously. (11) Hepatocytes were separated from non-parenchymal cells by two cycles of differential centrifugation (50 g for 2 min) and further purified over a 30% Percoll gradient.
Hepatocyte purity exceeded 98% as assessed by light microscopy, and viability typically was ＞95% as determined by tryptopan blue exclusion assay.
4) Cell culture and treatment
Hepatocytes (3×10 6 ) were plated onto 6-cm gelatin-coated plastic tissue culture dishes. The initial culture medium was Williams medium E containing 10% calf serum, 15 mM Hepes, 2 mM L-glutamine, and 100 U/ml of penicillin and streptomycin. Hepatocytes were allowed to attach to plates overnight. For experiments involving hypoxia, the medium was replaced with hypoxic medium (equilibrated with 1% O2, 5% CO2, and 94% N2) and placed into a modular incubator chamber (Billups-Rothenberg), which was flushed with the same hypoxic gas mixture. The cells were exposed to hypoxia for and CD14 on the membrane in mouse hepatocyes. Cells were cultured under normoxic (21% oxygen) and hypoxic (1% oxygen) conditions and in the presence or absence of LPS stimulation. Each fraction was obtained using discontinuous sucrose gradient ultracentrifugation. Initially, each fraction was analyzed by dot blotting using CTxB conjugated to horseradish peroxidase. Fractions 3 to 5 were designated as lipid raft as indicated by CTxB (GM1, top row). And then equal aliquots of each fraction were run on a polyacrylamide gel, blotted and probed with antibody to TLR4, MD2 and CD14 and peroxidase-coupled secondary antibody. GM1, ganglioside, a classic raft marker, was mainly localized to the cell surface. In contrast, some TLR4 in Fig. 2 . Disruption of lipid raft layer blocks hypoxia induced TLR4/ MD2 complex translocation. nystatin (60μg/ml) or filipin (1μg/ml) inhibits hypoxia-induced TLR4/MD2 translocation to lipid raft. Hepatocytes were pre-incubated with nystatin (60μg/ml) or filipin (1μg/ml) for 30 min or 1 hour before exposure of hypoxia. After centrifugation, 1 ml fractions were collected from the top. Equal aliquots of each fraction were run on polyacrylamide gels, blotted and probed with TLR4 or MD2 antibody. Distribution and localization of β2-Integrin (CD11b/ CD18) on the membrane in mouse hepatocytes. Cells were cultured under normoxic (21% oxygen) and hypoxic (1% oxygen) conditions and in the presence or absence of LPS stimulation. Each fraction was obtained using discontinuous sucrose gradient ultracentrifugation. Equal aliquots of each fraction were run on a polyacrylamide gel, blotted and probed with antibody to β2-Integrin (CD11b/CD18) and peroxidase-coupled secondary antibody. β2-Integrin (CD11b/CD18) translocated to lipid rafts after LPS stimulation or 6-hour hypoxia.
hepatocytes after hypoxic stimulation displayed a peripheral staining and it colocalized with GM1 as shown by the overlay image (Fig. 1D) .
2) Disruption of lipid raft layer blocks hypoxia induced TLR4/MD2 complex translocation
In order to investigate whether raft integrity affects TLR4
downstream signaling, we attempted to disrupt lipid rafts formation. The cells were then pre-incubated with either nystatin (60μg/ml), a fungal metabolite that binds membrane cholesterol and disrupts raft integrity or filipin (1μg/ml), a compound that sequestrates cholesterol in components of lipid rafts for 30 min or 1hour before exposure to hypoxia (1% oxygen).(17) It was found that nystation or filipin blocked TLR4/MD2 complex translocation to lipid rafts (Fig. 2) . The raft disrupting drugs were found not only to displace the receptor complex involved in TLR4 and MD2 but also their signaling machinery, lending more support to the notion that lipid rafts are areas of concentrated receptor signaling.
3) Hypoxia causes β2-Integrin translocation to lipid rafts
As "adhesion molecules," the β2-Integrin (CD11b/ (Fig. 3) . These findings suggest that for expression of a full repertoire of hypoxic induced TLR4 signaling, TLR4/MD2 complex and β2-Integrin (CD11b/ CD18) must be coordinately engaged to deliver optimal signaling by translocation to lipid rafts of hepatocyes.
4) The TLR4/MD2 complex translocation is ROS dependent signaling
We next asked whether exposure of hepatocyte to oxidants could mimic the effect of hypoxia on TLR4
signaling. Hepatocytes were treated with H2O2 in concentration from 50∼500μM. The H2O2 was shown to induce a dose and time-dependent, increased TLR4/ MD2 translocation to lipid rafts, with slight effect at 50 μM for 1-hour exposure (not depicted) and marked 50∼500μM for 1 or 6 hours and subjected to discontinuous sucrose density gradient centrifugation as described in materials and methods. Equal aliquots of each fraction were run on a polyacrylamide gel, blotted and probed with antibody to TLR4 or MD2 and peroxidase-coupled secondary antibody. The H2O2 was shown to induce a dose and time-dependent increased TLR4/MD2 translocation to lipid rafts. (B) Hepatocytes were treated with N-acethylcystein (NAC) in concentration from 10 mM or 50 mM for 1hour before exposure to hypoxia (1% oxygen). NAC blocked both TLR4 and MD2 translocation to lipid rafts. increased translocation at 100∼500μM up to 6 hours (Fig. 4A) . To confirm the role of ROS in TLR4 signaling, we added N-acethylcystein (NAC) to the cell culture medium before hypoxic stimulation. NAC blocked both TLR4 and MD2 translocation to lipid rafts (Fig. 4B) . The inhibition of TLR4/MD2 translocation to lipid rafts by NAC determined a role for oxidative stress in the effect.
5) Disruption of lipid raft layer blocks hypoxia induced HMGB1 release
In order that we determine the receptor clustering within the lipid rafts, which is required for TLR4/HMGB1 signaling in initial hepatic warm I/R injury, we conclusively (Fig. 5A) . Contrary to the amount of HMGB1 release in media, it was also determined that more quantities of intracellular HMGB1 in cells of disrupting lipid rafts is present than in hypoxic cell without disrupting lipid raft (Fig. 5B) . These results suggest that the ability of components of lipid raft to modify HMGB1 releasing mechanisms is involved in hepatic I/R injury. 
DISCUSSION

